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and treatable Acute Kidney Injury 

(AK1) by 2025 
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Definitions Story 



FRONTIERS IN NEPHROLOGY 


J Am Soc Nephrol 14:: 2 178-2 J 87, 2 m3 


Acute Renal Failure Definitions and Classification: 

Time for Change? > jq 0 p era tj 0na | definitions of AKI 


RAVINDRA L. MEHTA* and GLENN M. CHERTOW f 

Divisions of Nephrology, Departments of Medicine, ^University of California San Diego and 'University of 
California San Francisco, for the PICARD Study Group. 




RIFLE Birth 










Risk 


GFR Criteria 

Increased SCront x 1 .5 or 
GFR decrease > 25% 


Injury 


or GFR 


SCYcat x2 

MH>50% 


Failun 


GFR decrease 75% 
OR SCreat 24n^t/dl 

AlUc nx >0 

Persistent ARF* 
of kick lev 


Urine Output Criteria 


[/ 


LO < .5ml/kg/h 

x 1 2 hr 


L'O < .3nil 
x 24 lir or 
Anuria x 1 2 lirs c? 



complete loss 
>4 weeks 


ESKD 


End Staae Kidney 

(> 3 ITK>Ilt}cO 


e 




Proposed classification scheme for acute renal failure (ARF) 




RIFLE Definition 


review http*V/www.kidney-i ntemational.org 

€> 2008 International Society of Nephrology 

The RIFLE criteria and mortality in acute kidney 
injury: A systematic review 

Z Ricci 1 , D Cruz 23 and C Ronco 2,3 

'Deportment of Pediatric Cardiosurgery, Bambino Gesu Hospital, Rome, Italy; 2 Deportment of Nephrology, Dialysis and Transplantation, 
5 Bortolo Hospital, Vicenza, Italy and -International Renal Research Institute Vicenza (IRRIV), Vicenza, Italy 


Compared AKI levels 

No of studies 

RR 

95% Cl 

P (overall effect) 

P (heterogeneity) 

\AI studies 






Risk vs non-AKI 

13 

240 

1.94, 2.97 

<0.00001 

0.0001 

Injury vs non-AKI 

13 

4.15 

3.14. 5.48 

<0.0001 

<0.00001 

Failure vs non-AKI 

13 

6.37 

5.14. 7.90 

<0.0001 

<0.00001 

Injury vs Risk 

16 

1.51 

1.23, 1.86 

<0.0001 

<0.00001 

Failure vs Risk 

16 

224 

1.79, 2.81 

<0.0001 

<0.00001 

Failure vs Injury 

16 

1.45 

1.25, 1.69 

<0.0001 

< 0.00001 






J Crit Care 2011 June 27 

























hit p:/M ww.Wdlney-intemational.org 0 r i Q 1 11 d 1 article 

© 2012 International Society of Nephrdogy 


A systematic review of RIFLE criteria in children, 
and its application and association with measures 
of mortality and morbidity 


1 ^ I 

Morgan B. Slater ‘ ' , Vijay Anand , Elizabeth M. Uleryk^ and Christopher S. Parshuram 


4 


1,2,3,W 


'Department of Critical Care Medicine, The Hospital for Sick Children, Toronto, Ontario, Canada; J Child Health Evaluative Sciences, 
The Hospital for Sick Children, Toronto, Ontario, Canada; -Institute for Medical Science, University of Toronto, Toronto, Ontario, 
Canada; ‘Hospital Library, The Hospital for Sick Children, Toronto, Ontario, Canada; 'Department of Paediatrics, University of Toronto, 
Toronto, Onto™, Canada; ^Department of Health Policy, Management & Evaluation, University of Toronto, Toronto, Ontario, 

Canada and 'Interdepartmental Division of Critical Care Medicine, University of Toronto, Toronto, Ontario, Canada 


End End-stage renal disease 

stage (persistent failure > 3 

months) 


eCCI, estimated creatinine clearance; pRIFLE, pediatric risk, injury, failure, loss and 
end-stage renal disease. 





Creatinine Criteria 


Urine Output Criteria 


Risk or 
Stage 1 


creatinine ^ S 0.3 mg/dL 
or 

creatinine > 150% and < 
200% than baseline 


UO <0.5 mL/kg/h for 6 h 


Injury or 
Stage 2 


creatinine > 200% UO <0.5 mLVkg/h for 12 h 

and <300% than 

baseline 


Failure or 
Stage 3 


creatinine 
> 300% than 
baseline, or > 4.0 
mg/dL and ^ 0.5 
mg/dL 


UO <0.3 mL/kg/h for 
24 h. or anuria for 12 h 


Renal Replacement Therapy | 




Cumulative Overall Survival rate (°i 


AKIN and Mortality in Critically 

III Patients ( n= 1625 patients) 




Duration (years) ■ Duration (years) 


Nephrol Dial Transplant (2012) 27: 161-165 





Event rate per person-day 


O “ 


CO 

o - 


CM 

o - 


O “ 



AKIN Stage 1 



AKIN Stage 2 



AKIN Stage 3 


Clin J Am Soc Nephrol 8: 527-537, 2013. 






RIFLE/ AKIN 


Setting 

N 

Design 

Incidence and categorization of 
AKI (%) 

Mortality (%/relotive risk) 

AUROC 


RIFLE 

AKIN 

RIFLE 

AKIN 

RIFLE 

AKIN 

ICU 









Bagshow 

120.123 

Retrospective, 

AKI (any class) 

AKI (any stage) 

Hospitol mortality 

Hospitol mortality 

0.660 

0.670 

et of. 


multi -centre 

(36.1) 

(37.1) 

No AKI (8.9) 

No AKI (85) 






R (162) 

Stage 1 (18.1) 

AKI (any doss) 

AKI (any stoge) 






1(13.6) 

Stoge 2 (10.1) 

(24.273 J) 

(24.5/3.1) 






F (63) 

Stage 3 (8.9) 

R (17.9/2.2) 

Stoge 1 (18.5/2.1) 








I (27.7/3 3) 

Stage 2 (28.1/4.2) 








F (33275.1) 

Stage 3 (32.6/5.7) 



Lopes 

662 

Retrospective, 

AKI (any class) 

AKI (any stage) 

Hospitol mortality 

Hospitol mortality 

0.733 

0.750 

et ci. 


single -centre 

(33.8) 

(50.4) 

No AKI (11) 

No AKI (85) 






R (14.7) 

Stage 1 (21.1) 

AKI (any class) 

AKI (any stage) 






kid 

Stage 2 (10.1) 

(41.3/2.8) 

(39.8/3.6) 






F (18.1) 

Stoge 3 (19.2) 

R (30.9/2.7) 

Stage 1 (30.7/3.5) 








I (32.8/2.0) 

Stage 2 (32.8/2.7) 








F (55/3.6) 

Stage 3 (53.5/3.6) 



Lossnigg 

7.241 

Prospective, 

AKI (any class) 

AKI (any stoge) 

30-day mortality 

30-day mortality 

NS 

NS 

or of. 


multi -centre 

(3.0) 

(8.2) 

No AKI (3.6) 

No AKI (2.8) 






R (2-2) 

Stage 1 (6.4) 

AKI (any class) 

AKI (ony stage) 






I (0.6) 

Stage 2 (0.04) 

(27.5/NS) 

(23.1/NS) 






F (02) 

Stage 3 (1.8) 

R (29/NS) 

Stage 1 (16.4/NS) 








I (19/NS) 

Stoge 2 (66.7/NS) 








F (33/NS) 

Stage 3 (38.27NS) 




Clin Kidney J (2013) 6: 8-14 






KDIGO Definition 


2.1.2: AKI is staged for severity according to the following criteria. (Not Graded) 
Stage 1 : Increase in SCr by 1 .5-1 .9 times baseline; OR 

Increase in sSCr by >0.3 mg/dL (>26.5 ptmol/L); OR 
Urine output <0.5 ml7kg/h for 6-12 hours 
Stage 2: Increase in SCr by 2.0-2.9 times baseline; OR 

Urine output <0.5 mL/kg/h for >12 hours 
Stage 3: Increase in SCr by 3.0 times baseline; OR 

Increase in SCr to 4.0 mg/dL (353.6 /nmol/L); OR 

Initiation of renal replacement therapy; OR 

In patients <18 years, decrease in eGFR to 35 mL/min/1.73 m 2 ; OR 

Urine output <0.3 mL/kg/h for >24 hours; OR 

Anuria for >12 hours 


Kidney Int Suppl. 2012;2:1-138. 







CKD+ 
AKD without 
AKI 



CKD+ 

AKI 



AKD 

without 

AKI 




Does the decrease in GFR or increase in Scr 

resolve within 3 months? 


CKD 
Worse 


CKD| 
Stable 


CKD 
Worse 


CKD 
Stable 




Kidney International Supplements (2012) 2, 19-36 




No functional 
change 


Functional 

change 


No damage 


-if-' 



Loss of function 


without damage 


Damage present 



Damage without 
loss of function 


Damage with 

.7 


fe # # A* 

loss of function 



Kidney International (2015) 87, 46-61 




Clin J Am Soc Nephrol 7: 533-540, April, 2012 





REVIEW 


JJRRENT 

^PINION 


Electronic alerts for acute kidney injury 

E-alert systems for AKI now exist that can systematically 
identify all cases of AKI on a hospital-wide basis, using 
current diagnostic criteria. 

E-alert systems are able to alter physician behaviour to 
trigger earlier intervention, and emerging data suggest 
that this may translate into improved patient outcomes. 

Strategies to tackle the current variability in e-a 
methodology and availability are now required. 


Curr Opin Nephrol Hypertens 2013, 22:637-642 






A global Agenda to Raise Awareness 


Category Components 

Development of a toolkit for AKI 

Essential toolkit for recognition and management of AKI 
Emphasis on early recognition and management 
Utilize KDIGO guidelines on diagnosis and management 
Identify knowledge gaps and educate 
Appropriate to each region 
Community- versus hospital-acquired AKI 
Culturally sensitive 

Avoidance of the problems of discrimination by income, 
gender, religion 

Appropriate for the resources available 


Kidney International advance online publication, 1 May 2013; 
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Simple Test Detects Increased Risks in Patients with AKI 


Among 7^ natiantc lA/ith aartv/ At^l 


rocoarrhorc frninH that a cimnlo tact rsartn rmoH l.vith a nno.tima Hnca af h i rnc am i Ha 


measurer 
is called t 
assess c< 
more rob 


CLINICAL RESEARCH 


www.jasn.org 


in addition to a 
alysis. The test 
i be used to 
entially lead to 


Furosemtde Stress Test and Biomarkers for the 
Prediction of AKI Severity 


Jay L Koynery* Danielle L Davison/ Ermira Brasha-Mitchell/ Divya M. Chalikonda/ 

John M. Arthur/ Andrew D. Shaw/ James A. Tumlin, 11 Sharon A. Trevino,* 

Michael R„ Bennett/ Paul L Kim m el,** Michael G. Seneff/ and Lakhmir S. Chawla 

^Section of Nephrology, Department of Medicine, University of Chicago, Chicago, Illinois; 1 Department of 
Anesthesiology and Critical Care Medicine and ' r *De|partment of Medicine, George Washington University Medical 
Center, Washington DC; ^Division of Nephrology, Department of Medicine, Medical University of South Carolina, 
Charleston, South Carolina; 5 Department of Anesthesiology, Vanderbilt University Medical Center, Nashville, 
Tennessee; l[| Renal Division, University of Tennessee College of Medicine at Chattanooga, Chattanooga, Tennessee; 
^Division of Nephrology and Hypertensk>n, Cincinnati Children's Hospital, Cincinnati, Ohio; and 1 1 Department of 
Medicine, Division of Intensive Cane Medicine and Division of Nephrology, Washington DC Veterans Affairs Medical 
Center, Washington, DC 


J Am Soc Nephrol 26: ,Feb 2015 
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Study Suggests Need to Adopt a Single, Universal AKI Definition in Children 


p RIFLE 



AKIN 


KOIGO 




□ Stage 1 

□ Stage Z 

□ Stage 3 

□ No AKI 




n 

Mortality 

LOS 

AKI bv all three 

5406 

2.7% 

ID (5-21) 


lable 1 . .Mortality 1 likelihood ratios lor AKI severi ty stages 


All Hospitalizations 


TCU 



Non-ICU 


L_AT: t L l "L L l LO I"L 

Stage 1 

Stage 2 

Stage 3 

Stage 1 

Stage 2 

Stage 3 

Stage 1 

Stage 2 

Sta ge 3 

pRI F LE 1 .44 

2.28 

6 64 

3.08 

6.06 

20.49 

0.91 

0 96 

1.96 

(0.99 to 2.09) 

fl 53 to 3.41) 

(4.82 in 9.15) 

(1.64 to 5.79) 

{3.2610 11.3) 

(12.0 to 35.0) 

(0.55 to 1.50) 

(0.51 to 1.81) 

(1.17 to 3.31) 

AKIN 1.69 

2.29 

6.38 

3.a3 

5.82 

13.37 

10 

0.77 

1.02 

(l.l9lo2.4l) 

(1 .57 to 3.35) 








KTHQO 1.30 

1.90 

5 15 

2.a r > 

4.42 

14.34 

0.73 

0.82 

1.22 

(0.87 to 1.93) 

(1 .25 to 2Mf 

(3.84 to 6.90} a 

(1.59 to 5.13'f 

(2.47 to 7.89)^ 

(9. 18 to 22.4 f 

(0.41 to 1.30) 

(0.41 to 1 .64) 

(0.69 to 2.13) 


The likelihcsjd (if death land 95% confidence interval) Ibr each AKI severity Stage is compared with that ot hospitalizations not complicated by AKL ICU, intensive care unit 
”P<0.05 after correction for multiple testing. 


Not diagnosed 
by AKIN 

427 

0.7% 

12 (7-1S) 

Not diagnosed 
by KDIGO 

0 

n/a 

n/a 


Clin J Am Soc Nephrol 2015; in press 



CLINICAL RESEARCH 


www.jasn.org 


Classifying AKI by Urine Output versus Serum 
Creatinine Level 

John A. Kellum,** Florentina E. Sileanu,* n Raghavan Murugan,* 1 Nicole Lucko,* f 
Andrew D. Shaw,* § and Gilles Clermont** 

‘Center for Critical Care Nephrology and T Clinical Research, Investigation, and Systems Modeling of Acute Illness 
Center, Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; 
department of Biostatistics, University of Pittsburgh Graduate School of Public Health, Pittsburgh, Pennsylvania; and 
^Department of Anesthesiology, Vanderbilt University Medical Center, Nashville, Tennessee 


J Am Soc Nephrol 2015; in press 




o 


Group 5 



0 50 100 150 POO 250 300 365 

Days from fCU Admission to Death 


No at risk 

Group 1 8174 7660 7553 7447 7356 7276 7214 7111 


32,045 adult 
ICU patients 


We conclude that short' and long-term risk of death or RRT is greatest when patients 
meet both the serum creatinine level and urine output criteria for AKI and when these abnormalities 


persist. 


Table 2. Outcomes for patients with maximum AKI severity by UO, SC, or both (n=23,866) 


Characteristic 

No AKI (n=8179) 


Maximum AKI Severity 


P Value* 

UO (n= 14,1 77) 

SC (n=4694) 

Both (n=4995) 

Duration of stage 3 AKI (d), mean (SD) 

N/A 

1 .3 (0.6) 

3.5 (4) 

5.6 (6.9) 

<0.001 

RRT during hospital stay 

Length of stay (d), median (Q1 f Q3)* 

4(0) 

304 (2.1) 

232 (4.9) 

1251 (25) 

<0.001 

ICU 

3(2-4) 

5(3-9) 

4 (2-6) 

7 (4-15) 

<0.001 

Hospital 

Mortality 

7(5-11) 

13 (8-22) 

1 4 (8-24) 

22 (1 2-38) 

<0.001 

Hospital 

350 (4.3) 

1761 (12.4) 

788(16.8) 

1597 (32) 

<0.001 

30 day5 b 

425 (5.2) 

1822 (12.9) 

808(17.2) 

1375 (27.5) 

<0.001 

90 days b 

596 (7.3) 

2710(19.1) 

1074 (22.9) 

1890(37.8) 

<0.001 

1 year* 3 

1064(13) 

3966 (28) 

1498(31.9) 

2395 (47.9) 

<0.001 


Data are presented as n {%) unless otherwise irxiicated. N/A r not applicable. 

^Length of stay was calculated only in hospital survivors. 

D Days from ICU admission. 

P values are shown for difference among the three groups of AKI patients. Patents without AKI are also shown but are not formally compared. 


J Am Soc Nephrol 2015; in press 
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I AEG ^Ll'h Z 
lAKI v\ayc 2 


Nd-A KI 



Model i 

Model 1 + 
hypcrkaJerriia 

M; deJ 1 + 
hyperkaJemii * 
jrietahoLic acidosis 

Kcdel l - hyperkalemia 4 
riera nolic iKidusi:-; + curn illative 
fluid b.-jlnriiin 

Mo-AKF 

Reference 

AKI lUJi-f-: 1 

1.73 

1jG7 

1.53 

1.4S 


fl.52 1.S01 

(1.47-1,31) 

fl 34-1 .751 

f 1.30-1. 711 

AKL stage 2 

IM 

1.76 

153 

1.36 


fl.S7-2.2j) 

0.46-2.111 

fl.Zy-lMI 

r:.i2-ijG41 

AKI £[^3 

2jfiO 

2M 

2,0-5 

1.56 


l2.4t-S.46) 

(2.ag-s.Q7) 

f 1.66-2 .491 

f 1.25-1 .Ml 


Clin J Am Soc Nephrol 10: 21-28, 2015 





STER DESK 










